Introduction
Silages can be used for lamb production together with grain when the pasture quality is low. Live weight gains were low in lambs fed only silage diets and inclusion of grain to the diet led to good responses in production parameters (1) . The cereals are of certain interest because of extensive use for hay production. Feeding value of cereal silages is much higher than hays of cereals (2) . However, production response to silage, such as fermentation quality and dry matter (DM) content, is an important point and needs more consideration (3) . Silage inoculants are important for unstable silages. Feeding lambs with ryegrass ensiled with bacterial inoculant treatment increased silage consumption and caused more carcass growth (4) compared to the silage without inoculant treatment. In some studies, no improvement was observed in lamb performance even there was an improvement in silage quality (5) . There are many research papers published on the effects of feeding on sheep performance and meat quality, but limited data are available on information comparing grass, hay, and cereal silage feeding of lambs fed similar concentrate levels.
Therefore, the objective of this study was to present the effect of feeding lambs with triticale/barley silage treated with or without inoculants on lamb performance, carcass characteristics, and meat quality.
Materials and methods

Animals, diets, and experimental procedure
Thirty Tahirova × Sakız crossbred weaned ram lambs (mean body weight: 34 ± 0.5 kg) were used in this study. Lambs were divided into 3 groups and fed 1 of 3 dietary treatments. These 3 diets were: 1) hay grass + barley (G), 2) triticale/barley silage + barley (S), and 3) triticale/barley silage with inoculants and enzyme mixture + barley (SM). The lambs were kept in straw-bedded group pens during 57 days of trial period. After 2 weeks of environmental and dietary adaptation, silage was offered ad libitum with a barley equivalent to 1% of the live weights of lambs in the experimental period and daily refusals were recorded. Vitamin and mineral premix was used at 3 parts barley to 1 part supplement. The quantity of silages given was adjusted each day according to feed consumed the previous day. Animals first received half of the amount of hay and silages at 0800 hours and then 1 h later barley was given. The remaining hay or silages were distributed at 1500 hours. Lambs were weighed in fortnightly intervals before feeding throughout the trial and live weights were recorded. Average daily gain, dry matter intake, and feed conversion ratio were determined for all groups.
The silage materials (triticale/barley) were harvested at an early heading stage in the early spring. After wilting, the forage was chopped to a length of 2.5 cm and treated with an inoculant (Sil-All 4x4 , Alltech, USA) at a rate of 10 mg/kg of forage prior to ensiling. Inoculant was of powder form, dissolved in water and pulverized on forage, and was stored in plastic bags for 70 days. The pH of silages was measured after water extraction with a pH-meter (Hanna Instruments pH 211 Microprocessor pH Meter, Romania). Water extracts were put together with 25% meta-phosphoric acid and volatile fatty acids in the silage were determined by gas chromatography (CPSil 5CB column, 10 m × 0.25 mm ID, Chrompact, UK). The spectrophotometry method was used to determine lactic acid by using an enzymatic procedure (6) . Nutrient compositions of feeds were determined according to the Weende analysis system but neutral detergent fiber (NDF) fraction was determined using the procedure described by Van Soest et al. (7) and acid detergent fiber (ADF) was determined using the method of Goering and Van Soest (8) as adapted for the Ankom200 Fiber Analyzer (Ankom Technology, USA).
Slaughter procedures and carcass measurements
Animals were slaughtered at İstanbul University Faculty of Veterinary Medicine abattoir. For 12 h before slaughter animals had access to water, but not to feed. After recording of live weights and electrical stunning, lambs were slaughtered. Hot carcass weight was recorded after removal of head, skin, feet, lungs, trachea, liver, heart, spleen, pancreas, gastrointestinal tract, diaphragm, and testicles. Hot carcass weight comprised kidneys and perinephricpelvic fat. The empty body weight was determined by excluding contents of the gastrointestinal tract. Carcasses were classified for fatness and conformation (9) after they were chilled at 4 °C for 24 h. Leg lengths, internal carcass length, thoracic depth, and hind limb lengths were measured and estimated according to Fisher and de Boer (10).
Meat instrumental quality and laboratory analyses
Carcass pH levels were measured from the longissimus thoracis muscle between the 12th and 13th thoracic vertebrae by digital pH-meter (Testo 205, Testo AG, Germany) immediately after dressing (pH 0 ), at 45 min after slaughter (pH 45 min ), and at 24 h after slaughter (pH 24 h ). Meat color, drip and cooking loss (%), and WarnerBratzler (WB) shear force (kg) were assessed from the M. longissimus thoracis removed from the left side of carcass at 24 h postmortem. Drip loss was determined according to the method described by Honikel (11) and cooking loss (%) was measured in samples as described by Hoffman et al. (12) . Water holding capacity (WHC) was expressed as percentage of weight loss of 5-g meat samples (13) . Caudal subcutaneous fat color values were taken from the tail root.
Statistical analysis
In order to determine the effect of feeding 2 silages and grass hay on performance, carcass, and meat quality characteristics, 1-way ANOVA was performed using SPSS 10.0 (14). Duncan's multiple-range test was used to evaluate the significance of the difference. KruskalWallis and Mann-Whitney U tests were used to evaluate conformation and fatness scores.
Results
The chemical composition of the barley/triticale silages after 70 days of fermentation process is presented in Table  1 . Dry matter content of silages treated with inoculant/ enzyme mixture was higher than that of untreated silages. Crude protein, ether extract, and crude ash contents were similar, but ADF and NDF values of silages with inoculant/ enzyme mixture were lower compared with the untreated silages. Feeding lambs dry grass or silages had an effect on daily live gain (P < 0.001) in the present study (Table  2) . Grass hay feeding resulted in numerically higher DM intake and lower feed efficiency rates.
The effects of feeding grass hay and triticale/barley silage with or without inoculant and enzyme mixture on slaughter characteristics and carcass quality are presented in Table 3 . There were no significant differences for slaughter weight (P > 0.05) among groups. Furthermore, hot carcass weight and dressing percentages based on empty body weight did not differ. However, dressing percentages based on slaughter weight for lambs fed grass hay were higher than those of silage-fed lambs (P < 0.05). Cold carcass weight and dressing percentage based on empty body weight and carcass conformation were not significantly different among groups, but fatness scores and proportion of omental and mesenteric fat were significantly affected by silage feeding (P < 0.05). Lambs of both silage groups showed significantly lower carcass fatness scores compared with the grass hay group. Initial pH was not significantly different among the groups (Table  4) . Despite the differences in ultimate pH, no differences were observed for pH decline during 24 h postmortem, but silage-fed groups showed numerically lower values than lambs fed hay. Silage-fed lambs in both groups had higher shear force values than hay-fed lambs in the current study (Table 4) . Cooking loss values were not affected by the dietary treatments (P > 0.05). No differences were observed in terms of meat lightness (L*), redness (a*), and yellowness (b*) values for M. longissimus thoracis muscle (Table 5 ). However, silage diets caused a decrease in fat yellowness of lambs (Table 6 ).
Discussion
There is no information on the fermentation characteristics of barley/triticale silage and responses to inoculant/ enzyme mixture in the literature. Few studies have been conducted to compare the efficiency of inoculant/ enzyme in silages from barley and other cereal crops, and improved fermentation quality has been observed in barley silage treated with a multistrain inoculant containing L. plantarum and enzyme (15). Addah et al. (16) reported that inoculation of whole-crop barley silage with a mixed culture of homolactic lactic acid bacteria (LAB) and L. buchneri at ensiling improved aerobic stability and resulted in a higher lactic-to-acetic acid ratio than untreated silage. On the other hand, Keles and Demirci (17) found little impact of homofermentative LAB plus enzyme on fermentation parameters of triticaleHungarian vetch silage after 3 months of fermentation process. Despite the use of an inoculant in triticale-lupin silage, the fermentation resulted in high pH and acetic acid and in low lactic acid concentrations in a study by Dawson (18) . DM content and fermentation characteristics of silages affected dry matter intake in studies examining the effect of crop silages on beef and lamb (19) . Bolsen et al. (2) found that the effects of barley dough-stage silages were superior to those in lambs fed wheat dough-stage silages and resulted in greater gain, DM intake, and feed efficiency. However, Keles and Demirci (17) reported no significant effects of triticale-Hungarian vetch silages with homofermentative LAB + enzyme mixture on intake of lamb, similar to the current study. Dawson (18) also found no differences for intake of beef cattle fed with grass, maize, or triticale/lupin silages despite the poor quality of silage produced from lupin/triticale forages. In a study by Jones and Woolford (5), lambs consumed more : Means in the same row with different superscripts are significantly different.
weight and dressing percentage of lambs and, thus, similar slaughter weights and dressing percentage based on empty body weight in the current study could be explained by similar inclusion of concentrate to lamb diets. Scerra et al. (20) reported that carcass fatness is affected markedly by silage diets and silage-fed lambs had lower carcass fatness scores. However, Keady et al. (22) reported the effect of inclusion of whole-crop wheat silages on dressing percentage, carcass conformation, fat classification, and weight of internal fat depths of beef carcasses. Ultimate pH values were not higher than pH 5.8-5.9, which indicated dark, firm, and dry meat. Grass-hay groups were significantly lower in ultimate pH values than were silagefed lamb carcasses. This may be because of the considerably low fat level of carcasses of lambs fed silages and, therefore, the carcass may have cooled faster, leading to a slow rate of pH decline. Otherwise, the pH decline would be faster and would result in much lower pH values. There have been variable reports in the literature on the effect of silages on tenderness of lamb meat. Shear force values in silage-fed groups were higher than 6 kg, which was noted as tough, in a study by Webb et al. (23) . Despite similar growth rates prior to slaughter at the same weight and age, differences in tenderness in the current study arose from differences in fatness levels (24) . A high amount of fat causes a decrease in the rate of temperature decline, which increases the activity of autolytic enzymes in muscle, lessens the extent of myofibrillar shortening, and, therefore, increases tenderness of meat from a fatter carcass (25) . The opposite was happening in our case, which led to our conclusion that differences in cooling rate were responsible for the differences in tenderness in the current study. Differences in cooking loss arise from intramuscular fat content (26) . Intramuscular fat content was not measured in the current study, but probably similar intramuscular fat content led to similar cooking loss values. May et al. (27) also found that intramuscular fat content increased with increasing carcass weight. Therefore, in the present experiment it appears that similar growth rate and energy intake led to similar cooking loss values. As indicated above, results related to meat color were similar among groups. Scerra et al. (20) reported that color parameters (L*, a*, b*) were unaffected by dietary treatment after feeding lambs either oat-hay or wheat-straw silage. French et al. (28) found no effect of grass, grass silage, and concentrate-based diets on color of the longissimus thoracis muscle; in our findings, we are in agreement with those of French et al. (28) .
Published results to the present show that many factors like animal age, fatness, ultimate pH, and carcass weight affect the color of meat (29) , but the level and content of concentrate in feeding ruminants may be the most important factor determining the color of meat (30) . No data are available from research that evaluated triticale/ barley silage-based rations on fat color of lamb. In a cattle study, feeding steers with whole-crop silages resulted in lower b* values in fat than in those fed grass silage. French et al. (28) showed that carcass fat yellowness was inversely and linearly related to the proportion of concentrate in the diet. These results may explain the absence of differences in yellowness in the current study, which used a similar concentrate level. However, results related to fat redness are not constant, even in grazing and indoor counterparts. The results of silage fermentation parameters demonstrate that adding inoculant/enzyme mixture to barley/triticale silage had positive effects on silage fermentation parameters but had no effect on lamb carcass characteristics and meat quality. It is concluded that barley/triticale silages offered with concentrate had no unfavorable effect on lamb performance, carcass characteristics, and meat quality.
